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Tedmical field 

Hie present inventioii pertains to a sensor means and a print-head assembly for a 
hand-hdd and hand-operated printing on a print medium contioUed by a processor, and a 
method therefore, so called Random Movement Printing Technology (RMPT), Specifically it 
5 provides a high-speed implemenlation of image printing Wifli said print-head. 

Background art 

Hand-held and hand-operated printing devices with an ink-jet print-head are 

known throiigh various documents. 

US patent No. 5.927.872 by Yamada discloses a system and a method of 
1 0 printing an image represented by a frame of image data utilizing a hand-held printer having 
optical sensor means for tracking positions of the hand-held printer relative to the surfece of a 
print medium during a printing process. It is monitored m real time using navigation 
information generated by the optical soisor. 

Each optical sensor comprises an array of opto-electronic elements to c^ture 
15 images of the surfece of a print medium at fixed time intervals. Preferably, the optical sensor 
means can detect slight pattem variations on the print medium, such as paper fibers or 
iUumination pattem formed by highly reflective surfece features and shadowed areas between 
raised surfece features. These features can then be used as references for determining the 
position and tiie relative movement of the hand-held printer. During the printing process, the 
20 printed portions of the image can also be used as reference positions by the hand-held printer. 

In the preferred embodiment, the hand-held printer contains a navigation 
processor and a printer driver. Using flie printer driver, the navigation processor drives the 
hand-held printer to print segments of the image onto a print medium as the hand-held printer 
travels across the print medium during a printing process. Each segment of tiie unage is 
25 printed onto a particular location on the print medium to form a composite of the image. 

m the US patent No. 6.233,368 Bl by Badyal et al it is taught a CMOS digital 
integrated circuit (IC) chip on which an image is captured, digitized, and then processed on- 
chip in substantially the digital domain. 

A preferred embodiment comprises imaging circuitry including a photo cell 
30 array for capturing an image and generating a representative analog signal, conversion 
circuitry including an n-bit successive approximation register (SAR) analog-to-digital 
converter for converting tiie analog signal to a corresponding digital signal, filter drcuitry . 
including a spatial filter for edge and contrast enhancement of the corresponding image, 
compression chcuitry for reducing the digital signal storage needs, correlation circuitry for 
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processing the digital signal to generate a result surfece on which a minima resides 
representing a best fit image displacement between the captuied image and previous miages, 
inteipoMoncircuitiyformappingtheresultsurfiiceintox-and y-cooidinates. and an 

interface with a device using the chip, such as a hand-held scanner. 

The filter circuitry, the compression circuitry, the conelation circuitry and the 
interpolation drcuitiy are all embodied in an on-chip digital signal processor (DSP). The DSP 
embodiment aUows precise algorithmic processing of the digiti^ signal with a^^^ 

hold time, depending on storage capabiUty. The corresponding mathematical computations 
are thus no longer subject to the vagaries of CMOS chip structore processing analog signals. 
Parameters m^ also be programmed into theDSP'ssoftware making the chip tunable, as weU 

as flexible and adaptable fbr different applications. 

US patent No. 5,644,139 by Allen et al discloses a scanning device and a 
mefliod for fomiing a scamied electronic image including the use of navigation information 
that is acquired along with hnage data, and then lectifsdng the image data based upon the 
navigation and imag^ information. The navigation infomuition is obtained in frames. The 
differences between consecutive frames are detected and accumulated, and this accumulated 
displacement value is representative of a position of the scamiing device relative to a 
reference. The image data is then poritioned-tagged using the position data obtained from th« 
accumulated displacement value. To avoid ttie accumulation of errors, the accumulated 
20 displacement value obtained from consecutive frames is updated by comparing a current 
frame with amuch earUer frame stored inmemory and using the resulting difference as the 
displacement from the eariier frame. These larger displacement steps are then accumulated to 
determine the relative position of the scanning device. 

The above documents teach how to determine the position in a conceptual 
25 generation of navigation information. In this context the US patent 5.927.872 by Yamada uses 
the navigation information for a hand-held scanner disclosed in US patent 5,644.139 by AUen 
et al. The invention according to Allen et al teaches navigation through comparison of pixels 
on a frame basis. 

There are problems related to the speed of controlling the print-head when 
30 feeding large bitmaps to be printed by a print-head. 

Summary of the disclosed invention 
The present invention relates to a new print-head assembly for a hand-held and 
hand-operated printing on a print medium controlled by a processor. Specifically it provides a 
hardware solution to speed up a print-out with such an assembly. 



Hence, fhe present invention sets forfli a sensor and prmt4iead assembly 
comprised in ahoiising for a hand-held and hand-operated printing device controlled by a 
processor connected to at least one first electronic memory, comprising at least one sensor 
means, a print-head array, ii^t means on said housmg collected to sdd processor for ii^^^ 

of assembly control commands, and means for keying track of the assemblies and 
print-heads position on a print medium. 

The processor is provided a connection to a hardware control arrangement, said 
arrangement comprising a programmable logic means, PLD. comiected to at least one second 
electronic memory. It has input means for receiving measurement signals fifom said at least 
) one sensor. The logic means are controlling aprint-out ftom fee print-head by computing 
received signals from said sensors and bitmap mformation stored in said second memory upon 
a command fiom fee processor, llris provides amode where said logic means operates 
independently from fee processor in controlling a print-head print operation, providhig 
exclusive access rights for said togic means to said second memory. Anofeer command from 
15 saidprocessorprovidesamodewheresaidlogicmeans is reUved from controllhig said print- 
head print operation, and feus made signal transparent to fee processor. 

The at least one second electronic memory is feus made reachable for storing of 
information controlled by fee processor, thus enhancing the speed of providfaig data to the 
print-head for printing operations by aUowingfeeprocessor to compute and handle received 
20 information in said first electronic memory. IHis avoids contest between operations on said 
memories. 

m one embodiment of fee invention, the print-head is of the ink-jet type wife 
spray nozzles. Anofeer embodiment provides that fee nozzles are comprised in an array where 
each nozzle is addressed by a bmaiy mnnber, and whereby a fictive nozzle is used to calculate 

25 a change of position in an x and y direction for fee anray on a print medium as a fonction of 
fee angle of rotation of fee array. 

A look-up table/tables in one fiirfeer embodiment comprises sine and cosine 
values for sensor steps wife a predetermined resolution between sensor st^s. one of said 
sensor steps determining aminimum movement of fee assembly. Another embodiment 

30 provides an assembly, wherein fee table^les are provided integer values, which are 

obtained by muWpUcation of fee "real" vahies wife a suitable power of 2. and ^<*ereby other 
values stored and used for calculaticms are corre^ndingly scaled. 
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A further embodiment provides fliat the number of binary bits in a designation 
of anozzlear.7, tbusadd^ssing 127 nozzles, said fictivenozde being No. 128. calculating 
the address to the bitm^inthcsecondmemoty.wherepis the width ofabitmap, as y«*P + 
n/128*Ay««*p + ((xo + r^l28*WdivB)andthedesignationofthebitinthebto^ 

5 +n/128*Axi28)naodB. 

In a still farther embodiment, flie bitmap resides inihe upper left comer of a 
maximum sized memory areaforapossible bitmap in the secondmemory. whereby the v^^ 

of p is a multiple of two. thus redudng calculations to be made. 

Another embodiment provides that the number of nozde No. n is mdicated by a 
10 counter.whichisincrementedwhentheprecedingnozzleha8accompli8heditstask. 

Yet another embodiment provides that a position is expressed through the 
coordinates of the sensor means and the angle betwem the prior position and the current 

position of the sensor means. 

Yet a farther embodiment provides that the print-head nozzle position is 
15 computed from the knowledge of the position of one sensor means and the tilt angle of the 
assembly, by calculating the position of the first and last nozzle m said array. Remammg 
nozzle positions are. m one embodiment, computed by starting fiom &e first nozzle positions 
and addmg up the difference inx-andy^ons between the nozzles. Whereby thexandy 

distance between the first and last nozzle is dividedby the number of nozzles. 
20 Another embodiment comprises that a positioning means is provided to position 

the assembly in a correct starting position in relation to the print medium. 

Brief descriptioa of Ae drawings 
Henceforthreference is had to the accompanying drawmgs for abetter 

understanding of the given examples and embodiments of fhepresent invention, wherem: 
25 Fig. 1 illustrates aperspective view m section of a printmgdevice fcatmay be 

used in tiie present invention; 

Fig. 2 illustrates a perspective view fiom underneath of aprinting device 

according to Fig. 1; . 

Fig. 3 iUustrates a schematic view of the main components of a printmg device 

30 according to Fig- 1 and 2; 

Fig. 4 iUustrates aperspective view of another embodhnent for aprintmg device 

that may be used m tbe present invention; 
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Fig. 5 illustrates a perspective view of a simpler printing device that may be 

used in the present invention; 

Fig. 6 schematicany iUustrates a sensor/print-head assembly that may be used m 

the present invention; 

5 Fig. 7 illusuates a diagram wife parameters usedto determine the position of a 

seosor fliat may be used in the present invention; 

Fig. 8 iUustrates a diagram with parameters for a print-head nozzle position; 
Fig. 9 illustrates an image to be print-ou^ 

Fig. 10 iUustrates a part random print-out of the image with a printer ofc for 

10 example. Fig. 1; and 

Fig. 11 iUustrates one embodiment of a block diagram for the control of a prmt- 

i head in accordance with the presKitinv«ition. 

DetaUed description of preferred embodiments . ^ ^„ j 

The pres^Tfavention relies to a new prmt-head assembly for a haxwi-held an^ 

-15 hand.operatedpriHtingonaprintmediumoontroUedbyaprocessor.Specificanyi^ 

hardware solution to speed up a print-out with such an assembly. A detailed description of the 
hardware print-out in accordance with the present invention is provided with reference to Fig. 
11 below. 

Fig. 1 to Fig. lOdiscloseorrelatetoahand-held printer device as descnbedm 
20 theSwedishpatentappUcation0102542-8byWalling.notyetpublished,wMchsubstitutes 
both the mechanical control of a print-head and forward feeding of a print-out through hand 
movements on a printing surfiuje. This enables a manufacturing of a printer device, havmg 
less width than the actual print-out, and a reduction of the total of mechanical components m 
its construction. 

25 It is designed to provide a compact portable printing device in order to enable a 

user to print fiomsmaUportabledevices such as acellularphone. a portable PC, a personal 
digital assistance (PDA) or the like, and other portable electronic devices or for electromc 
stamping, printing of smaU t«rts, tags, addresses, cutting and clipping. 

By fixing a print-head in a construction plate where one or more positioning 

30 sensor means are fixed as well, it is possible to obtain a geometrical constmction with an x- 
and y- coordinate system and to establish, witii great mathematical accuracy, the coordmates x 
and y for each individual ink-jet opening/nozzle in the print-head. 



The coordinates, (taring a time frame, constitute the gromids for an accurate and 
precise spraymg of ink-diops onto a printing surfece according to a predetennined printing 
design. Even when the coordinates change over a time period, it is possftle to calculate m real 
time, the changes in direction, speed, acceleration, rotation etc. along the z-axis controlled by 
a microprocessor. It provides the possibility to a^ust the printin^head to spray an even and 
pre-programmed flow of ink-jet drops into an adjustable and varying flow of ink-jet drops. 

Fig 1 and 2 illustrate a hand operated printing device composed by a 
constnictian/designbody 1 and a print-head 2 which interact with one or more optical 
positioning sensormeans3.amicrocontrollercircuit4.acommmiication unit 5to transmit 
the data, one ormore command buttons 6 a control screen, and a source of energy, in this 

case a battery 8. 

The embodiment according to Fig.1 and 2 iUustrate the different components of 
a printing device fixed to a printed drcuit card which sunultanecusly functions as a 
constmction surface where those components are fixed. An elevation in the construction 
secures mat the lowest surfece of theprinting device does not touch the area where the ink has 
been previously appKed provided that the printing device is removed from that area. 

The printing process starts with a data file containing pre-selected printing 
patterns, which are sent via the communication unit 5 to a data memory, for example, one 
which is built into the micro controUer circuit 4. With the assistance of a built-in positioning 
seasor means 13 and one of 1i»e command buttons 6 the coordinates are indicated to an 
outgomg point of reference in the printing surface. One or more sources of Ught. for exanq?le 

emitting diodes (LED), lighting up the printing frame so that the optical positioning 
sensor means are activated and then the forward feeding of the coordinates to the micro 
controller circuit can take place. 

When the positioning sensor means 3 and the print-head 2 are fixed in relation 
to each other, a geometrical construction with aU the necessary parameters for a mathematical 
calculation of the coordinates of the print-head 2 can be achieved. 

The micro controller circuit 4 contains a software program, which uses the 
incoming data fiom the positioning sensor means 3 and mathematical equations to calculate 
mreal time the coordinates for each individual ink-jet nozzle 12. 

Usmg the measures of two coordinates estabHshes the required movement 
direction for each case. The time difference between two measurements uidicales the 
acceleration and speed required. Simultaneously all measurements and equations are 
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compared with the stor^ printing conmumds based npon coordinates equated fiom ^ 

original data file. 

At this stage the micro controUer cux^uit has sufficient information to s«ze a 
decision. On a positive indication an electric impulse is generated in the piezo- or termo- 
electricalmicropumpsinfl^concemedink-jetnozzles 12. wMdi in turn s«ids out ink-jet 

drops onto the printing surfiMse. 

The printing commands are erased after each electric impulse so that even if the 
ink-jetnozdescoinddewitiitheprevionscoortotesnoirik drops ares^^ 

pimt-out ^ ^^^^ ^ ^^ponents of the printing device interact as 

wenasreptodncticnoftheBeometricalformsest^lishedbetweenthei^^^^^ 12 and 

the positioning sensor means 3. 

Hie embodiment according to Fig. 4 iUustrates the printmg device with a 
complementary digital camera 14. for example, such as a CCD equipped camera. 

Fig. 5 illustrates another embodiment for printing of smaUer text quantities or 

graphics. 

This can be considered as an electiomc labeling with a pie^ogrammcd and/or 

programmable electronic &amp pad. 

In this embodiment only one positioning sensor means 3 is used and accordingly 
20 asimplermictoccntrollercircuit4isneeded.sbcelheprintingdeviceonlymakes^^^^ 

and relatively straight movements. 

The sensor/i»rint-head device consists of two position sensor means SO. SI and a 
print-head array 60 mounted together as Fig. 6 illustrates. Fig. 6 illustrates further, the two 
sensor means SO and SI in a fixedrelation to aprint-head array 60 with ink-jet nozzles. Ho 

25 depicts the distance from die array 60 to the sensor means SO. here Ho constitutes the same 
distance to the s«isor means S 1 . Ve and Vo. indicate the distance to the upper most and ttie 
lover nozzle in the array 60. respectively. The sensor means SO. SI provide a signal 
corresponding to movements in x- and y-directions in a first coordinate system fixed to the 
respective sensor means SO. SI. The sensor means SO. SI are fixed so that tiieh: coordinate 

30 systems are parallel to each other. A software keeps twck of the assembly's position and 
angle relative to the paper coordinate system by integrating the movements givenby the 

s^or means signals. 

The new positions given the differential movements of sensor means SO. SI are 

calculated as follows. 
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All position changes given in the seasor means coordinate system must be 
transfonned to position and angle of the sensor system m a paper or other print medium 
coordinate system, here named as a second coordinate syslaai. Since the distance, 2Ho. 
between die two sensor means is fixed it is satisfectory to know die position of one sensor 
means and the angle of the print-head array relative to die second coordinate system. 

niustrated in Fig. 7. is a movement or navigation of the sensor print-head 
assembly according to Fig. 6. The array 60 has been moved or navigated an angle alpha. The 
upper most nozzle is depicted as Pnlast and the lower nozzle as Pnfirst. respectively, in Fig. 7. 
Also, the second coordinate system is depicted with die two longer arrow axis in Fig. 7. 

la Fig. 7 at least one of the sensor means is assigned a first coordinate system, 
whereby one axis 62, preferably the x-axis, is dhccted through bofli sensor means SO, S 1. and 
the olfaer axis, preferably in a relation to die array 60, here in parallel to die array. 

In Fig. 8, die same movement as in Fig. 7 is depicted, but wittiout the array 60. 
The Fig. 8 fiirflier depicts a first cootdmate system on die coordinate axis 60 directed dirough 
botii sensor means SO, SI. The first coordmate system, is in tills embodiment dupUcated. as 
indicated dirough die arrows on die axis 62, but as ttie distance between bodi sensor means 
SO, SI is fixed only one of die first coordinate systems is needed for computation. 

The movement of die sensor means SO or 81 ( it does not matter which one) in 
die paper or print medium second coordinate system at an angle *alpha* is calculated, as: 
deltaX = SODiffX * cos(alpha) - SODiffY * sin(alpha) 
deltaY = SODiflEX * sin(alpha) + SODififY * cos(alpha) 
Where SODifEX and SODiffY are die movements of the sensor means in x- and 
y-diiections respectively, in ttie sensor/print-head device, named first coordinate system. 

The angular change can be calculated as die difference of die sensor means y- 
movements in the saisor means first coordinate system multipUed by a constant ttiat is 
determined fi'om die distance between die sensor means SO, SI. To simplify, die angle is 
measured in units of one sensor "step" and die sine and cosine values are taken from tables 
diat are adjusted according to diis. Thus SlDifFY - SODiffY, provides die angle change. 

The movement in x-durection of sensor means S 1 is not used, die mfomaation is 
redundant since the sensor means geometry is fixed. 

Whai die position of one sensor means SO or SI and die titt angje of die 
sensor/print-head assembly alpha are known tiie positions of die print-head nozzles can be 
calculated as follows, depicted in Fig. 7: 

The positions of die first and last no22:le are calculated as: 
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PNfiistX = SOx + Ho * cosiiie(alpha) -Vo * sme(alpha) 
PNfiistY =SOy + Ho * sine(alpha) +Vo * cosine (alpha) 
PNlastX = SOx + Ho ♦ cosme(alpha) -Ve * sme(alpha) 
FNlastY = SOy + Ho ♦ sme(alpha) + Ve * cofflne(alplia) 
5 To calculate the positions of allnozzles. it is to start with the first nozzle 

positions and adding up the diifeience in x- and y-directions between the nozzles, calculated 
by dividing the x- and y-distance between the first and last nozzle by the number of nozzles: 
PN(n)X = PNfirstX + n * deltaX 
PN(n)Y = PNlast + n * deltaY 

10 where 

deltaX = PNlastX - PNfirstY 
deltaY = PNlastY - PnfirstY 

In accordance with Ae teaching U sets forth a sensor and ink-jet print-head 2 
assembly comprised in a housing 1 for a hand-held and hand-iterated printing device 

1 5 controlled by a processor 4. It thus con^rises: 

two portion sensor means SO, SI at least one sensor means being related to a 
first coordinate systan, having one axis in a relation to the print-head assembly, and one axis 
62 in a dir»;tion through botii soisor means; 

a print-head array 60 attached in a fixed position to the sensor means SO, SI; 
20 input means 6 on the housing connected to the processor fiw input of conttol 

commands; 

detemuning means for reference coordinates in a second coordinate system 
provided in relation to a print medium, the reference coordinates being established by a 
control command through the input means 6 with the thus read sensor means signals; 
25 integrating means for keeping track of the assembUes position related to the 

reference coordinates in the second coordinate system by integrating displacement of the 
sensor means positicm ui the first coordinate system; 

computing means for transfonning the sensor means SO, SI coordinates to 
coordinates in the second coordmate system, whereby the assembfies position on 
30 the print medium is determined in relation to the reference coordinates. 
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Sensor means and print^eads that are suitable to use are well laiown in the art 
and described in for example US patent 5^7.872 by Yamada, US patent 6.233.368 Bl by 
Badyal et al, and US patent 5,644. 139 by Allen et al. Sensor means can be bought from 
Agilent. ^-^1ent.com. Ano&er sensor means has &e product name HDNS-2000 and 
enables 1 .500 pitures/s, the next model in progress enables 6.000 pictures/s. Sensor means m 
this description can comprise known means that are to cooperate together with a sensor itself 
for example, LEDs or only be sensors or an anay of sensors. 

Fig. 9 illustrates an image to be printout with the assembly, thus sttwed in the 
assembly-smemory.andFig. 10 depicts a part print-out ma random movement 

niusliatedinFig. 11 is one embodiment ofabUxsk-diagram for the control of a 

print-head in accordance with the present invaition. 

In order to feed data to a print-head for random printing with maximum speed a 
hardware solution is hnplemented in accoidance wifli the present invention, which in one 
embodiment utilizes a print-head assembly with two optical sensors SO and S 1 as descnbed m 
the foitsgoing. The hardware solution is depicted in Fig. U.Dqjicted Flash and RAM 
tnanoriesRl are provided, as known to a person skiUed in the art, for the conventional 
fimctioning of a CPU to perform printouts. Ihe flash memory conventionally acts as anon- 
volatile electrically write able/erasable storage holding, for exan^le. the BIOS and the 
bootstrap instruction set for the CPU functions. 

Conventionally flic CPU would be used to control the print-head through 
software. During the R&D process of the present invention it has shown that a software 
control of print-outs is a for to slow process for making use of the 2 Mbit/s maximum data- 
speed of the print-head. It is thus appreciated that said data-speed relates to a currently used 
print-head, and that a constant further technical ongoing process for higher speeds is in 
progress, to order to fuUy make use of the print-head printing speed, a hardware solution in 
accordance with the present invention is presented. 

The CPU constantly unpacks and receives images for print-out in its mam 
memory RAM Rl, which makes it busy with unwanted tasks during a printout when it should 
be totally engaged in the print-out, and not involved m context switching and/or deaUng with 
interruption signals. An obvious measure to take for a person skiUed in the art would be to 
enlarge the memory space RAM Rl directly controlled by die CPU in order to come up with a 
suitable software solution handling the print-out speeds of the print-head assembly. 

Instead of having a software control for print-outs, the present invention 
introduces a different approach through mostiy pure hardware. The hardware solution 



11 



addressing mainly the speed problem is provided through an extra RAM memory R2 
coimected to the CPU via a PLD CPrcgrammable Logic Device). When abitmsp for a pnnt- 
out is being prepared, the PLD is put in an inactive state tteou^ signalling from the CPU, 
thus being made transparent for data transfer between the CPU and devices comiected to the 
PLD such as RAM R2. This means that file CPU experiences R2 as a conventional memory 

area directly connected to the CPU. 

At power-on the CPU calculates cosine and sine-tables needed, storing them 
transparently through the PLD in R2. Sine and cosine tables, and their utilization, have been 
explained in the foregoing. A specific implementation of the table^ables comprises that they 
are provided integer values, which are obtained by multipHcation of the W values with a 
suitable power of 2, for example, l'^. Overvalues stored and used for calculations are 
correspondingly scaled. In doing so. every calculation may be performed using integer values, 
which saves from using an overhead of logic in the PLD. It also enhances the speed of 
calculation. 

Further, &e PLD is connected to position sensors, here SO and SI, managing the 
handling of the print-head print medium position information received from the sensors. 

During reception through the CPU of a complete image/picture for printing, the 
CPU prepares a bitmap of the image m memory Rl, and stores it in memory R2, in such a 
manner that every pixel in tiie bitmap is corresponding to one "tick" from the sensors SO, S 1 . 
which in one enibodimait are opto-electronic devices (optosensors). Concurrently, the size of 
the provided bitmap is stored in memory R2. When the bitmap is prepared, the CPU writes a 
start command to the PLD, which operates to disconnect the CPU from RAM memory R2. 

The PLD is now acting on its own together with the RAM memory R2 and the 
sensors SO, SI, making up the hardware print-head control arrangement in accordance wi& 
one embodiment of the present invention, until the CPU writes a stop command to a provided 
command register. For every detected change of aposition registered and reported to the PLD 

by optosensors, the PLD calculates a new position for the, in this embodiment, provided 128 
ink-jet spray nozzles, and transmits the so called dot information to the print-head controlling 
it to print dots from designated nozzles. 

It is thus appreciated that the present invention comprises at least two modes of 
operation for the CPU vis-i-vis the PLD, and vice versa. 

Hence, providing a mode where the logic means (PLD) operates independently 
from the processor (CPU) in controlling a print-head print opeadon; and 



12 

a further command fiom die piocessor (CPU) providing a mode v*ere the logic 
means (PLD) is «Hved ftom controlling the print-head print operation, and thus made signal 

transparent to the processor (CPU). 

Whenachange in the positionhas been observed, the PLD is programmed to 

5 lce^inmcmorywherenozzleNo.0,comprisedintheprint.head,ispositioned.Fur1hc^^^ 
itkeepstrackof how the print-head is oriented and pioceeds to access flie sine^^^^ 
R2 Tl«valuefetchorreadisflieofi6etinx.andy-directionofnozzleNo.l28asafunction 

ofthe angle of rotation ofthe print-head. Hus 128* nozzle is a Active nozzle used for makmg 
calculations smoother and easier. By intoducing a Active nozzle a division is accomplished 
10 by dividing with 128 in binary numbers which is asimple right shift m sev«x steps when 
calculating through integer ariftmetic's. If 127 nozzles are used, a division in the below 
formulas, has tobeperfonnedtwo times for the address and once for the number of the bit. 

to accordance wift Ihe abovemeasares taken, the PLD is provided the necessary 
information such as the size ofthe bitmap and relevant information regarding the position of 

15 the print-head. 

Due to that the maximum clock rate of the print-head (serial data), of a specific 

embodiment is 2MHz. it does not make sense calculating the print information any faster. 

Hence, the time available to calculate, if a dot is to be printed or not, and to clear the 

corte^onding position in the bitmap, is w««imately 500 nano seconds, i.e., a 2MHz clock 

20 rate makes 1 bit/SOO ns . 

By using the provided information the PLD keeps track on which bit m the 
bitmap that is corresponding to the position of nozzle No. 0. Assuming that the "width" ofthe 
bitmap is p and the address of this pixel is xo/yo. the address to the corresponding byte m tiie 
RAM memory R2 is yo*p + xo/8, and the number ofthe bit in this byte is xo mod 8. For nozzle 

25 no I28fheof&^inthex.andy-directionsarefetchbylookmgthemupinsaidsm/costable. 

Hence, it is made easy in accortlance with die present invention to calculate the address m the 
RAM memory R2 for every intemiediate nozzle with the following formula: 

The address = yo*P + n/128*Ayi28*P + ((xo + n/128*Axi2») div 8) 
30 The number ofthe bit = (xo + n/128*Axi28) mod 8 

where n is the number of the nozzle. It is to be noted that calculations should be carried out in 
such an order that as little as possible precision is lost. 
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Described calculations are thus relatively convenient to inq)lement in hardware. 
A division by 128 is merely a shift by 7 positions. Hie division "div 8" is only a shift by 3 
portions, moiderto simplify even more, it can be prescribed that the bitmap shall reside «m 
the upper left comer" of a maximum size memory area related to the bitmap. The value of p is 
then always a multiple of 2, which does not impose any restrictions to the design of its 
memory R2. because said memory area has to be available for a maximum size bitmap. If this 
case is prevailing, a multipUcation can be elimmated. which makes the foUowing calculations 



necessary: 



y^«p A sSiift by a fixt number of steps 

xo/8 AshiftbyS 

n/128*p*Ay.M Amultiplicatiann*Ayl28 (7x7 bits) (p/l28 is a fixedmulliple of 2 and 

requires only a shift operation) 
xo+n/128*Axi28 A multipUcation * Axl28 (7x7 bits) 

As ttie position m abitmap for successive nozzles is calculated, it becomes 
unnecessary to accomplish the multiplikation n*Aym in the expression n/128*p*Ayi28. The 
. value l/128*p»Aymi8 known and constant. For the first nozzle n equals 0 and is thus not 
used. A next step to take is to add this constant value for every new nozzle in a calculation. In 
accordance with this a multiplication is substituted with a simple addition. 

Other operations are accomplished througji shift and addition operations. These 
few operations can easUy be implemented in a PLD of a moderate size. Its further appreciated 
that the div 8 and mod 8 operations i.e. an 8 bit binary designation of course is only one of a 
plurality, thus to generalize the variable B is used in the attached set of clarais to implicate 
other binary cperatioM then 8 bit binary. 

In order to calculate values for the nozzles, a counter can be used to indicate the 
value n. As soon as an address to a desired byte in memory R2 is calculated, it is read from 
RAM R2. The value of the bit in question becomes noted, the bit is cleared and a thus 
modified byte is written back to the same address. This is followed by incrementing the 
counter as addresses to each nozzle fix)m 0 to 127 are detemiined in a stored bitmap. 
Performing the calculation necessary for apixel provides that only two memoiy accesses are 
needed, one read- and one write-access to the same memory address. 

It is possible (even probable) that the same byte will be read and written more 
than once in order to make ttie calculations for a^acent pixels. 
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It is appreciated that some of the means used in the present invaition are 
hardware means or software means or a combination of bofli. 

The present invention is not restricted to given embodiments or examples, but 
the attached set of claims define other embodiments for a person skilled in the art 
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Claims 

1 . A sensor and print-head (2) assembly comprised in a housing (1) for a hand- 
held and hand-operated printing device controlled by a processor (4. CPU) connected to at 
least one first electronic memory (Rl). comprismg at least one sensor means (SO, SI), apimt- 
head anay (60), input means (6) on said housmg (1) comiected to said processor (4. CPU) for 
input of assembly control commands, andmeansforkeepingtrackoftheassembUesand 

print-heads position on a print medium, characterized in Aat said processor (4. CPU) is 
provided a connection to a hardware control arrangement, said arrangement comprising a 
programmable logic means (PLD) connected to at least one second electronic memory (R2), 
and having input means for receiving measurement signals from said at least one sensor, said 
logic means (PLD) controlUng a print-out ftom the print-head by computing received signals 
fiom said sensore and bitmap mfoimation stored in said second memory (R2) upon a 
command ftom the processes (4, CPU); 

providing a mode where said logic means operates mdependently fiom the 
processor (4, CPU) in controlling a print-head print operation, providing exclusive access 
ri^ts for said logic means to the second memory (R2); 

a&rth^ command ftom said processor (4. CPU) providing a mode where said 
logic means (PLD) is relived from controlling said print-head print operation, and thus made 
signal transparent to the processor (4, CPU); and 

whereby said at least one second electronic memory (R2) is reachable for 
storing of information controlled by the processor (4. CPU), tiius enhancing the speed of 
providing data to the print-head for printing operations by allowing the processor (4, CPU) to 
compute and handle received information in said first electronic memory (Rl), thus avoiding 
contest between operations on said m«nories (Rl. R2). 

2. An assembly according to claim 1. wherein the print-head is of flie ink-jet 
type wifli q>ray nozzles. 

3. An assembly according to claim 2. wherein the nozzles are comprised in an 
array where each nozzle is addressed by a binary number, and whereby a Active nozzle is 
used to calculate a change of position in an x and y direction for the array on a print medium 
as a function of the angle of rotation of the array. 
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4. An assembly acoorfing to claims 1-3, wherein a look-up table/tables 
comprises sine and cosine values for sensor steps with a piedetennined resolution between 
sensor steps, one of said sensor stops detemMnmg a minimum movement of the assembly. 

5. An assembly accorfing to claim 4, wherein the table/tables are provided 
integer values, which are obtained by multiplication of the W values with a suitable power 
of 2, and whereby other values stored and used for calculations are correspondingly scaled. 

6. An assembly according to claims 2-5. wher^ the number of binary bits in a 
designation aie 7. thus addressing 127 nozzles, said Active nozzle being 128. calculating the 
address to the bitmap in the second memory (R2). where p is the width of a bitmap, as yo*P + 
n/128*Ay,28*I) + ((Xo + n/12&*/^m) div B) and fbs designation of the bit in the bitmap as (xo 

+ii/128»Axi28) modB. 

7. An assembly according to daim 6. wherein the bitmsv resides in the upper 
left comer of a maximum sized memory area for a possiDte bitmap in the second memory 
(R2), whereby the value of p is an multiple of two, thus reducing calculations to be made. 

8 . An assembly accordmg to chiims 2-7. wh«ein flie number of nozzle No. n is 
indicated by a counter, which is mciemented when the preceding nozzle has accomplished its 
task. 

9. An assembly according to claims 1-8, wherein aposition is expressed through 
the coordinates of the sensor means and the angle between the prior position andtiie current 
position of the sensor means. 

10. An assembly according to clahns 2-9, wherein the print-head nozzle position 
is computed from the Icnowledge of the position of one sensor means and the tilt angle of the 
assembly, by calculating the position of the first and hist nozzle in said array. 

1 1. An assembly according to claim 10, wherein remaining nozzle positions are 
computed by starting ftom the first nozzle positions and adding up &e difference in x- and y- 
directions between the nozzles, whereby the x- and y-distance between the first and last 
nozzle is divided by the numb» of nozzles. 

12. An assembly accordmg to claims 1-11, wherein a positioning means is 
providedtoposition the assembly hiacorrect starting position in telationtotiieprintmedium. 
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Abstract 

The invention relates to a sensor and (2) assembly comprised in a housing (1) 
for a hand-held and hand-operated printing device conttolled by a processor (4), and a method 
therefore. It provides a hardware solution to speed up aprint-out with sdd assembly. 

5 (Fig. 11) 
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